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(57) ABSTRACT

An analyzer for use with in vitro diagnostics includes one or
more containers. Each container includes a container body
configured to hold one or more fluids, a closure device dis-
posed on the container body and housing a movable cannula,
and a sealing portion configured to seal off the one or more
fluids in the container body from matter outside the container
body when the sealing portion is closed. The system also
includes one or more pick and place devices configured to
move the one or more containers between different locations.
The movable cannula is configured to move downward
responsive to a force from the one or more pick and place
devices and cause an opening in the sealing portion.

23 Claims, 12 Drawing Sheets




US 9,417,255 B2

Page 2
(51) Int.ClL (56) References Cited
GOIN 35/10 (2006.01)
BOIL 300 (2006.01) U.S. PATENT DOCUMENTS
B63D 47/38 (2006.01) 7,691,332 B2 4/2010 Kacian et al.
(52) US.ClL 2007/0034592 Al 2/2007 Pavlovic et al.
CPC ........ GOIN35/0099 (2013.01); GOIN 35/1002 2008/0251489 Al  10/2008 Livingston et al.

(2013.01); GOIN 35/1009 (2013.01); GOIN
35/1011 (2013.01); BOIL 2200/0689 (2013.01);
BOIL 2300/042 (2013.01); BOIL 2400/0638
(2013.01); B65D 47/38 (2013.01); GOIN
2035/1025 (2013.01)

2009/0035866 Al*  2/2009

2015/0276774 Al* 10/2015

* cited by examiner

Wilson ............... GO1IN 35/0099
436/43

Pollack .............. GO1IN 35/0902
414/749.1



U.S. Patent Aug. 16, 2016 Sheet 1 of 12 US 9,417,255 B2

FIG. 1



U.S. Patent Aug. 16, 2016 Sheet 2 of 12 US 9,417,255 B2

208
=
l I 204
206 O

_—210

!

FIG. 2



U.S. Patent Aug. 16, 2016 Sheet 3 of 12 US 9,417,255 B2

- -

// ~ /o )
N

210 —L

FIG. 3A



U.S. Patent Aug. 16, 2016 Sheet 4 of 12 US 9,417,255 B2

208

312
314\\\
208 -

4

4
310 204
206 ——-—|

302 ,=<

202 —1 (

FIG. 3B
208
310
315
208\ 204
N\ T /)
314 ___| \
312 — 204




U.S. Patent Aug. 16, 2016 Sheet 5 of 12 US 9,417,255 B2

e
i

|_—202

FIG. 4A



U.S. Patent Aug. 16, 2016 Sheet 6 of 12 US 9,417,255 B2

208

402 —_ | A

308 — |

FIG. 4B

208 208 105
402
™ 406 a0
414
42— 414
404~
\_,/ 410

FIG. 4C FIG. 4D



U.S. Patent Aug. 16, 2016 Sheet 7 of 12 US 9,417,255 B2

1418

FIG. 4E



U.S. Patent

506

504
202

512 |

Aug. 16, 2016

Sheet 8 of 12 US 9,417,255 B2

FIG. 5A

FIG. 5C

516

512 — ]

V1 506

FIG. 5D



US 9,417,255 B2

Sheet 9 of 12

Aug. 16, 2016

U.S. Patent

q90¢

Q9 'Ol

e90C

d9

q990¢

Old

€902

9

0

[

V9 Ol

433

00l



U.S. Patent Aug. 16, 2016 Sheet 10 of 12 US 9,417,255 B2

/702
206a
/ 100
704 . N
210
706 | 202
A

FIG. 7



US 9,417,255 B2

Sheet 11 of 12

Aug. 16, 2016

U.S. Patent

20G '80C —

8 9Old
918
S301N3A | /
¥08 —1 NOILVHIdSY
v18
90/ ——1 (S)HOSN3S (= £
818 «
< 74 ($)43711091INOD 209
(s)3godd
20 N\ —z18
018
(3)3oin3aa
~_(SVINNNVO |4 N 30V1d ANV MOId [~ 20}
808
| (Sla |
90l —1 | YaNIVLNOD \
908

(S)43IANIVLNOD

008 \\

-

001



US 9,417,255 B2

Sheet 12 of 12

Aug. 16, 2016

U.S. Patent

6 Ol

‘uoljiod Buless

——— ] ayy ul Buiuado ay) ybnouyy Moeq ——
2oIA8p BunoeuoD pINj) 8y) 10818y

3@\

e —

SpIN|l 2J0W IO 3UO JO |9A8] 8Y) 8SUSg

*Jauleluod pinji ey ul Buiuiews.

"@01n8p Bunoejuoo
pInjj 84} ojul Jsulejucd piny

8y} WOJj SpINj} 810W 0 8uo a)eldsy

~—— 016

i

806 — |

‘uoiod Buijess ay) ul Buiuado ay) ybnouy) 8o1Asp BuoeuOD pINj B SAON

i

906 — |

"g|nuued 8yl yim uoniod Buless ay) ul Bulusdo ue spiroid

A

06 — |

‘uorod Bulless e pJemo} UoljoalIp PJEMUMOP B Ul BINUUED 3Y} A0

i

‘g|nuueo e
206 — |

0} 9210} pJemumop e A|ddy




US 9,417,255 B2

1
CAP CLOSURE WITH CANNULA

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application claims priority to U.S. provisional appli-
cation Serial No. 61/768,195 filed Feb. 22, 2013, which is
incorporated herein by reference in its entirety.

TECHNOLOGY FIELD

The present invention relates in general to systems and
methods for opening containers and, more particularly, to
systems and methods for opening sealing portions of contain-
ers using opening mechanisms housed in container closure
devices.

BACKGROUND

In vitro diagnostics (IVD) allows labs to assist in the diag-
nosis of disease based on assays performed on patient fluid
samples. IVD includes various types of analytical tests and
assays related to patient diagnosis and therapy that can be
performed by analysis of a liquid sample taken from a
patient’s bodily fluids, or abscesses. These assays are typi-
cally conducted with automated clinical chemistry analyzers
(analyzers) onto which fluid containers, such as tubes or vials
containing patient samples, have been loaded. The analyzer
extracts a liquid sample from the vial and combines the
sample with various reagent fluids (reagents) in special reac-
tion cuvettes or tubes (referred to generally as reaction ves-
sels).

Reagents to be combined with samples are contained in
reagent containers, such as reagent wedges. In conventional
systems, pick and place devices are used to hold reagent
containers and transport the reagent containers between dif-
ferent locations of an analyzer. In some locations, reagent
probes are used to aspirate reagents from their respective
reagent containers and sense levels (e.g., capacitance level
sensing) of reagents remaining in each of their respective
reagent containers.

Reagent containers may include reagent container closure
devices (e.g., caps) that seal the reagent containers and pre-
vent evaporation of the reagents until they are opened for
testing. Some conventional systems require manual opening
(e.g., unscrewing cap) of the reagent container closure
devices by human operators, thereby increasing operator
workflow. Other conventional systems may include films to
seal the reagents in the reagent containers. The films, which
are punctured by the probes, may result in contamination of
reagents along the length of the probes. The contaminated
probes must then be cleaned, requiring significant cleaning
time (e.g., 1-2 seconds per wash), thereby reducing through-
put. Capacitance level sensing errors may also be caused by
residual fluid and/or electric charge accumulation on the
punctured film.

SUMMARY

Embodiments include an analyzer for use with in vitro
diagnostics that has one or more containers. The one or more
containers include a container body configured to hold one or
more fluids, a closure device disposed on the container body
and housing a movable cannula, and a sealing portion con-
figured to seal off the one or more fluids in the container body
from matter outside the container body when the sealing
portion is closed. The analyzer also includes one or more pick
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and place devices configured to move the one or more con-
tainers between different locations. The movable cannula is
configured to move downward responsive to a force from the
one or more pick and place devices and cause an opening in
the sealing portion.

According to an embodiment, the analyzer further includes
a fluid contacting device configured to move downward
through the opening in the sealing portion, contact the one or
more fluids, and retract upward through the opening in the
sealing portion. The movable cannula is further configured to
cause the opening in the sealing portion to have a size suffi-
cient to prevent the fluid contacting device from contacting
the sealing portion.

According to one embodiment, the fluid contacting device
is further configured to aspirate a portion of the one or more
fluids in the container body. According to one embodiment,
the fluid contacting device is further configured to sense the
level of the one or more fluids in the container body.

In one embodiment, the analyzer further includes one or
more sensors that sense position information indicating one
or more positions of the one or more pick and place devices
and a controller configured to control the one or more pick
and place devices to move the cannula between a retracted
position and an extended position based on the sensed posi-
tion information.

In another embodiment, the one or more containers further
comprises a container holding portion configured to be held
by the one or more pick and place devices to move the one or
more containers. The container holding portion has arecessed
portion disposed on a top surface of the container body and a
rib portion extending between opposing walls of the recessed
portion.

According to an embodiment, the analyzer is connected to
an automation system having a plurality of analyzers con-
nected thereto.

Embodiments include a fluid container having a container
body configured to hold one or more fluids and a closure
device disposed on the container body and housing a movable
cannula. The container also includes a sealing portion con-
figured to seal off the one or more fluids in the container body
from matter outside the container body when the sealing
portion is closed. The movable cannula is configured to move
in a downward direction responsive to a downward force and
cause an opening in the sealing portion.

According to an embodiment, the sealing portion is
attached to a bottom surface of the closure device. According
to another embodiment, the sealing portion is housed in the
closure device.

In one aspect of an embodiment, the sealing portion is a
film membrane. In another aspect, the sealing portion is a
molded membrane.

In one embodiment, the closure device is removably
coupled to the container body. In one aspect of an embodi-
ment, the closure device comprises threading and is rotatably
coupled to the container body via the threading. In another
aspect of an embodiment, the closure device is a snap cap.

In another embodiment, the closure device is fixed to the
container body.

According to an embodiment, the fluid container further
includes a retracted position holding mechanism that is con-
figured to hold the cannula in a retracted position until the
downward force is sufficient to overcome a resistance that
holds the cannula in the retracted position.

According to an embodiment, the fluid container further
includes an extended position holding mechanism that is
configured to hold the cannula in an extended position.
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Embodiments include a closure device for use with a con-
tainer having a closure device body configured to be coupled
to a container and a movable cannula housed in the closure
device body and configured to move downward relative to the
closure device body responsive to a downward force exerted
on the cannula.

According to an embodiment, the closure device further
includes a sealing portion housed in the closure device body,
spaced below the cannula when the cannula is in an extended
position and configured to be opened responsive to the down-
ward force from the cannula exerted on the sealing portion.

According to another embodiment, the closure device fur-
ther includes a coupling portion configured to couple the
closure device body to a container.

In one embodiment, a bottom surface of the cannula is
sloped toward a bottom of the closure device body. In other
embodiment, a bottom surface of the cannula comprises one
or more pointed edges.

Embodiments include a method for opening a container.
The method includes applying a downward force to a cannula
housed in a closure device of a fluid container and moving the
cannula in a downward direction toward a sealing portion
responsive to the downward force. The method also includes
providing an opening in the sealing portion with the cannula
by contacting the sealing portion with the cannula.

According to an embodiment, the method further includes
moving a fluid contacting device through the opening in the
sealing portion, contacting one or more fluids in the fluid
container with the fluid contacting device, and retracting the
fluid contacting device back through the opening in the seal-
ing portion. The opening of the sealing portion further
includes causing the opening in the sealing portion to have a
size sufficient to prevent the fluid contacting device from
contacting the sealing portion.

According to another embodiment, the method further
includes using a pick and place device to move the fluid
container between different locations and applying the down-
ward force to the cannula further includes applying the down-
ward force with the pick and place device.

In one embodiment, the contacting of the one or more
fluids in the fluid container further includes at least one of: (i)
aspirating the one or more fluids in the fluid container into the
fluid contacting device, and (ii) sensing the level of the one or
more fluids in the fluid container.

BRIEF DESCRIPTION OF THE DRAWINGS

The foregoing and other aspects of the present invention
are best understood from the following detailed description
when read in connection with the accompanying drawings.
For the purpose of illustrating the invention, there is shown in
the drawings embodiments that are presently preferred, it
being understood, however, that the invention is not limited to
the specific instrumentalities disclosed. Included in the draw-
ings are the following Figures:

FIG.11s a perspective view of an exemplary fluid container
held by a pick and place device that can be used with embodi-
ments disclosed herein;

FIG. 2 is an exploded view of the exemplary fluid container
shown at FIG. 1 that can be used with the embodiments
disclosed herein;

FIG. 3A is a cross-sectional view of the exemplary fluid
container shown at FIG. 1 that can be used with the embodi-
ments disclosed herein;

FIG. 3B is a close-up perspective cross-sectional view
illustrating the conduction seal closure device of the exem-
plary fluid container shown at FIG. 1 that can be used with the
embodiments disclosed herein;
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FIG. 3C is a cross-sectional side view of the conduction
seal closure device of the exemplary fluid container shown at
FIG. 1 that can be used with the embodiments disclosed
herein;

FIG. 3D is a close-up exploded view of the conduction seal
closure device of the exemplary fluid container shown at FIG.
1 that can be used with the embodiments disclosed herein;

FIG. 4A is a cross-sectional view of an exemplary fluid
container having an induction seal closure device that can be
used with the embodiments disclosed herein;

FIG. 4B is a close-up perspective cross-sectional view of
the induction seal closure device coupled to the exemplary
fluid container shown at FIG. 4A that can be used with the
embodiments disclosed herein;

FIG. 4C is a perspective view of the induction seal closure
device shown in FIG. 4A that can be used with the embodi-
ments disclosed herein;

FIG. 4D is a close-up cross-sectional view of the induction
seal closure device shown in FIG. 4A that can be used with the
embodiments disclosed herein;

FIG. 4E is a close-up exploded view of the induction seal
closure device shown in FIG. 4A that can be used with the
embodiments disclosed herein;

FIG. 5A is a cross-sectional side view of an exemplary
molded closure device having a bottom surface of a cannula
parallel to a molded membrane that can be used with the
embodiments disclosed herein;

FIG. 5B is a bottom view of the exemplary molded mem-
brane shown in FIG. 5A that can be used with the embodi-
ments disclosed herein;

FIG. 5C is a perspective view of an exemplary molded
closure device that can be used with the embodiments dis-
closed herein;

FIG. 5D is a cross-sectional side view of the exemplary
molded closure device shown in FIG. 5C illustrating a bottom
surface of a cannula sloped toward a molded membrane that
can be used with the embodiments disclosed herein;

FIG. 6A is a cross-sectional view of a top portion of an
exemplary fluid container illustrating a pick and place device
adjacent a cannula in a retracted position and a closed sealing
portion that can be used with the embodiments disclosed
herein;

FIG. 6B is a cross-sectional view of the exemplary fluid
container shown at FIG. 6A illustrating the cannula having
moved from the retracted position to an intermediate position
and contacting the sealing portion that can be used with the
embodiments disclosed herein;

FIG. 6C is a cross-sectional view of the exemplary fluid
container shown at FIG. 6A illustrating the cannula in an
extended position and an opening in the sealing portion that
can be used with the embodiments disclosed herein;

FIG. 7 is a cross-sectional view of an exemplary fluid
container and a fluid contacting device that can be used with
the embodiments disclosed herein;

FIG. 8 is a block diagram of an exemplary analyzer for use
with in vitro diagnostics that can be used with the embodi-
ments disclosed herein; and

FIG. 9 is a flow diagram illustrating a method for accessing
a container that can be used with the embodiments disclosed
herein.

DETAILED DESCRIPTION OF ILLUSTRATIVE
EMBODIMENTS

Terms and Concepts Associated with Some Embodiments
Analyzer: Automated clinical analyzers (“analyzers™)
include clinical chemistry analyzers, automated immunoas-
say analyzers, or any other type of in vitro diagnostics (IVD)
testing analyzers. Generally, an analyzer performs a series of
automated IVD tests on a plurality of patient samples. Patient
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samples may be loaded into an analyzer (manually or via an
automation system), which can then perform one or more
immunoassays, chemistry tests, or other observable tests on
each sample. The term analyzer may refer to, but is not limited
to, an analyzer that is configured as a modular analytical
system. A modular analytical system includes an integrated
and extendable system comprising any combinations of a
plurality of modules (which can include the same type of
module or different types of modules) interconnected in a
linear or other geometric configuration by an automation
surface, such as an automation track. In some embodiments,
the automation track may be configured as an integral con-
veyance system on which independent carriers are used to
move patient samples and other types of material between the
modules. Generally, at least one module in a modular analyti-
cal system is an analyzer module. Modules may be special-
ized or made redundant to allow higher throughput of ana-
Iytical tasks on patient samples.

Analyzer module: An analyzer module is a module within
a modular analyzer that is configured to perform IVD tests,
such as immunoassays, chemistry tests, or other observable
tests on patient samples. Typically, an analyzer module
extracts a liquid sample from a sample vessel and combines
the sample with reagents in reaction cuvettes or tubes (re-
ferred to generally as reaction vessels). Tests available in an
analyzer module may include, but are not limited to, a subset
ofelectrolyte, renal or liver function, metabolic, cardiac, min-
eral, blood disorder, drug, immunoassay, or other tests. In
some systems, analyzer modules may be specialized or made
redundant to allow higher throughput. The functions of an
analyzer module may also be performed by standalone ana-
lyzers that do not utilize a modular approach.

Carrier: A carrier is a transportation unit that can be used to
move sample vessels (and, by extension, fluid samples) or
other items in an automation system. In some embodiments,
carriers may be simple, like traditional automation pucks
(e.g., passive devices comprising a holder for engaging a tube
oritem, a friction surface to allow an external conveyor beltin
the automation track to provide motive force, and a plurality
of'sides that allow the puck to be guided by walls orrails in the
automation track to allow the track to route a puck to its
destination). In some embodiments, carriers may include
active components, such as processors, motion systems, guid-
ance systems, sensors, and the like. In some embodiments,
carriers can include onboard intelligence that allows carriers
to be self-guided between points in an automation system. In
some embodiments, carriers can include onboard compo-
nents that provide motive forces while, in others, motive
forces may be provided by an automation surface, such as a
track. In some embodiments, carriers move along automation
tracks that restrict motion to a single direction (e.g., fore and
aft) between decision points. Carriers may be specialized to a
given payload in an IVD environment, such as having a tube
holder to engage and carry a sample tube, or may include
mounting surfaces suitable to carry different items around an
automation system. Carriers can be configured to include one
or more slots (e.g., a carrier may hold one or a plurality of
sample vessels).

In vitro diagnostics (IVD): In vitro diagnostics (IVD) are
tests that can detect diseases, conditions, infections, meta-
bolic markers, or quantify various constituents of bodily
materials/fluids. These tests are performed in laboratory, hos-
pital, physician office, or other health professional settings,
outside the body of a patient. IVD testing generally utilizes
medical devices intended to perform diagnoses from assays in
a test tube or other sample vessel or, more generally, in a
controlled environment outside a living organism. IVD
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includes testing and diagnosis of disease or quantifying vari-
ous constituents of bodily materials/fluids based on assays
performed on patient fluid samples. IVD includes various
types of analytical tests and assays related to patient diagnosis
and therapy that can be performed by analysis of a liquid
sample taken from a patient’s bodily fluids, or abscesses.
These assays are typically conducted with analyzers into
which tubes or vials containing patient samples have been
loaded. IVD can refer to any subset of the IVD functionality
described herein.

Lab automation system: Lab automation systems include
any systems that can automatically (e.g., at the request of an
operator or software) shuttle sample vessels or other items
within a laboratory environment. With respect to analyzers,
an automation system may automatically move vessels or
other items to, from, amongst, or between stations in an
analyzer. These stations may include, but are not limited to,
modular testing stations (e.g., a unit that can specialize in
certain types of assays or can otherwise provide testing ser-
vices to the larger analyzer), sample handling stations, stor-
age stations, or work cells.

Module: A module performs specific task(s) or function(s)
within a modular analytical system. Examples of modules
may include: a pre-analytic module, which prepares a sample
for analytic testing, (e.g., a decapper module, which removes
acap on top of a sample test tube); an analyzer module, which
extracts a portion of a sample and performs tests or assays; a
post-analytic module, which prepares a sample for storage
after analytic testing (e.g., a recapper module, which reseals a
sample test tube); or a sample handling module. The function
of'a sample handling module may include managing sample
containers/vessels for the purposes of inventory manage-
ment, sorting, moving them onto or off of an automation track
(which may include an integral conveyance system, moving
sample containers/vessels onto or off of a separate laboratory
automation track, and moving sample containers/vessels into
oroutoftrays, racks, carriers, pucks, and/or storage locations.

Payload: While exemplary carriers are described with
respect to carrying patient samples, in some embodiments,
carriers can be used to transport any other reasonable payload
across an automation system. This may include fluids, fluid
containers, reagents, waste, disposable items, parts, or any
other suitable payloads.

Processor: A processor may refer to one or more processors
and/or related software and processing circuits. This may
include single or multicore processors, single or multiple
processors, embedded systems, or distributed processing
architectures, as appropriate, for implementing the recited
processing function in each embodiment.

Samples: Samples refers to fluid or other samples taken
from a patient (human or animal) and may include blood,
urine, hematocrit, amniotic fluid, or any other fluid suitable
for performing assays or tests upon. Samples may sometimes
refer to calibration fluids or other fluids used to assist an
analyzer in processing other patient samples.

Station: A station includes a portion of a module that per-
forms a specific task within a module. For example, the pipet-
ting station associated with an analyzer module may be used
to pipette sample fluid out of sample containers/vessels being
carried by carriers on an integrated conveyance system or a
laboratory automation system. Each module can include one
or more stations that add functionality to a module.

Station/module: A station includes a portion of an analyzer
that performs a specific task within an analyzer. For example,
a capper/decapper station may remove and replace caps from
sample vessels; a testing station can extract a portion of a
sample and perform tests or assays; a sample handling station
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can manage sample vessels, moving them onto or off of an
automation track, and moving sample vessels into or out of
storage locations or trays. Stations may be modular, allowing
stations to be added to a larger analyzer. Each module can
include one or more stations that add functionality to an
analyzer, which may be comprised of one or more modules.
In some embodiments, modules may include portions of, or
be separate from, an automation system that may link a plu-
rality of modules and/or stations. Stations may include one or
more instruments for performing a specific task (e.g., a
pipette is an instrument that may be used at an immunoassay
station to interact with samples on an automation track).
Except where noted otherwise, the concepts of module and
station may be referred to interchangeably.

Tubes/sample vessels/fluid containers: Samples may be
carried in vessels, such as test tubes or other suitable vessels,
to allow carriers to transport samples without contaminating
the carrier surfaces.

Exemplary Embodiments

Embodiments of the present invention include systems and
methods that provide a more efficient analyzer for opening
sealing portions (e.g., films and molded membranes) of con-
tainers (e.g., reagent containers). Embodiments of the present
invention include container closure devices (e.g., caps) hous-
ing cannulas configured to open the sealing portions.
Embodiments of the present invention avoid using reagent
probes to open the sealing portions by utilizing pick and place
devices to open the sealing portions, thereby eliminating con-
tamination along the length of the probes and significantly
reducing cleaning time of the probes. Embodiments of the
present invention increase throughput by utilizing the pick
and place devices to transport the containers and to cause the
cannulas to open the sealing portions. Embodiments of the
present invention improve operator workflow by utilizing the
pick and place devices to automatically open the sealing
portions via the cannulas housed in the container closure
devices, thereby avoiding the need to manually open the
sealing portions. Embodiments of the present invention
increase throughput by providing openings in the sealing
portions large enough to prevent contamination of probes that
would otherwise require significant cleaning time.

Although the containers in the embodiments described
herein are reagent containers holding various reagent fluids
and used in an IVD analyzer and/or automation system, other
embodiments may include containers holding other types of
fluids (e.g., samples). Embodiments may also include con-
tainers used in other types of environments.

FIG. 1 is a perspective view of an exemplary reagent fluid
container 100 held by a pick and place device 102. Automa-
tion systems, such as IVD automation systems, may include
one or more analyzers. An analyzer may include one or more
pick and place devices, such as pick and place device 102,
which may be used to transport a plurality of reagent contain-
ers 100 between different locations of the analyzer. As shown
in FIG. 1, pick and place device 102 may include a pair of
holding mechanisms 104 having geometries configured to
grip a rib portion 106. The geometry of the pick and place
device 102 shown in the embodiment at FIG. 1 is merely
exemplary. Other embodiments may include pick and place
devices having different geometries that are configured to
transport reagent containers between different locations and
apply a force to the cannulas to cause the cannulas to open the
sealing portion as described in more detail below with refer-
ence to the flow diagram of FIG. 9.

FIG. 2 and FIG. 3A to FIG. 3D are various views and
components of the exemplary reagent fluid container 100
shown at FIG. 1. The reagent fluid container 100 will now be
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described with reference to FIG. 2 and FIG. 3A to FIG.3D. As
shown at FIG. 2, reagent container 100 may include a con-
tainer body 202, a closure device 204, a sealing portion 206,
and an evaporation tube 210 (shown in FIGS. 2, 3A, and 7)
configured to limit evaporation of one or more fluids (not
shown) held in container body 202. As shown in FIG. 3A and
FIG. 3B, closure device 204 may be disposed on the container
body 202 and may house movable cannula 208 having a
bottom surface 310.

As shown in the embodiment in FIG. 1, the pair of holding
mechanisms 104 of pick and place device 102 may hold the
container at rib portion 106. As shown, rib portion 106 may
extend between opposing walls 110 of a recessed portion 108
disposed on a top of the container body 202. Placing the rib
portion 106 at the top of the container body 202 provides a
shorter travel distance for the pick and place device 102,
which approaches the container 100 from above, thereby
improving the accuracy of the pick and place device 102 and
increasing throughput.

The geometry of the reagent container 100 shown in the
embodiment in FIG. 1 is exemplary. Other embodiments may
include reagent containers and other fluid containers having
different geometries that are configured to hold one or more
liquids. In some embodiments, fluid containers may have
multiple wells to hold one or more liquids. In some aspects,
each well may include its own closure device and a sealing
portion.

In some embodiments, closure devices, such as closure
device 204 may be a conduction seal cap. As shown in FIG.
3B and FIG. 3C, closure device 204 may include a conduction
sealing film 206 configured to seal off the one or more fluids
in the container body 202 from matter outside the container
body 202 until the sealing film 206 is opened. For example, as
shown in FIG. 3B, film 206 may be attached to a bottom
surface 302 of inner portion 312 of the closure device 204 and
configured to seal off matter outside the container body 202.

According to some embodiments, closure devices, such as
closure device 204, may be removably coupled to the con-
tainer body 202. For example, as shown in FIG. 3B, closure
device 204 may be a rotatable cap that is rotatably removed
from a container neck 308. As shown, the inner portion 312 of
the conduction seal closure device 204 is disposed between
the cannula 208 and container neck 308. Threads 304 are
disposed on outer portion 314 and may engage threads 306 of
container neck 308 to couple and remove closure device 204
from container body 202. In some aspects, fluid containers
may include other types of removably coupled closure
devices such as crimped crown caps, friction fit caps, snap
caps, and the like. In some embodiments, fluid containers
may include closure devices that are fixedly attached to con-
tainer bodies.

In some embodiments, closure devices may be manufac-
tured to include sealing portions. In other embodiments,
removable closure devices may not include sealing portions.
For example, some embodiments may include sealing por-
tions, such as aluminum films and other sealing membranes
(e.g., molded membranes), attached to surfaces of reagent
container bodies.

The bottom surfaces of cannulas may be configured in
different ways. For example, as shown in the embodiment in
FIG. 3C, a bottom surface 310 of cannula 208 may be sloped
toward sealing film 206. In some aspects, the bottom surface
310 of the cannula 208 may include one or more pointed
edges, such as teeth 312, which may aid in the opening of
sealing portions, such as sealing film 206, when they move
downward and contact the sealing film 206, as described in
more detail below with reference to the flow diagram of FIG.
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9. The geometries of the closure device 204 and the cannula
208 shown in FIG. 2 and FIG. 3A to FIG. 3D are merely
exemplary. Other embodiments may include closure devices
and cannulas having different geometries configured to open
sealing portions when they move downward and contact the
sealing portions. In some embodiments, bottom surfaces of
cannulas may extend from an outer perimeter toward a center
axis as they slope toward sealing portions, thereby having
pointed edges at centers of their bottom surfaces to aid in the
opening of sealing portions.

Closure devices, such as closure device 204, may also
include holding mechanisms, such as detent 315, configured
to hold cannula 208 in a plurality of desired positions, such as
retracted positions and extended positions. For example,
detent 315 may be configured to hold the cannula 208 in a
retracted position until a downward force upon the cannula
208 is sufficient to overcome a resistance that holds the can-
nula 208 in the retracted position shown in FIG. 6A. Detent
315 may be also be configured to hold the cannula 208 in the
extended position shown in FIG. 6B after the cannula 208 has
moved opened the sealing film 206. Other embodiments may
include other types of holding mechanisms, such as break-
away web couplers 406, shown in FIG. 4D, notches, pins,
levers, and the like.

In some embodiments, as shown in FIGS. 4A to FIG. 4E,
fluid containers may include induction sealed closure
devices, such as induction sealed closure device 402. As
shown in FIG. 4B, the induction sealed closure device 402
may include a housing 404 that houses the induction sealing
film 408. As shown in FIG. 4B, the housing 404 may include
threads 410 disposed on inner surface of housing 404 that
may engage threads 306 of container neck 308 to couple and
remove closure device 402 from container body 202.

As shown in FIG. 4C, induction sealed closure device 402,
cannula 208, and breakaway web couplers 406 may be
molded together as a single induction sealed closure device
402. The cannula 208 may also be slidably coupled to an inner
surface 412 (shown in FIG. 4D) of the closure device 402. For
example, as shown in FIG. 4D, closure device 402 may
include grooves 414 that may be configured to guide the
cannula 208 as it slides downward toward induction sealing
film 408. The number and shape of the grooves 414 shown in
FIG. 4D is exemplary. Aspects may include grooves having
any number and shape. In another aspect, as shown in FIG.
4E, the induction seal closure device 416 includes protrusions
418 that may engage wide grooves 420.

In some embodiments, closure device may include sepa-
rately molded components. For example, as shown in FIG.
5A, closure device 500 includes cannula 502 that is molded
separately from housing 504 of closure device 500. Contain-
ers may also include molded sealing portions. For example, as
shown in FIG. 5A, a molded sealing membrane 506 may be
molded on the container body 202. In some embodiments, a
closure device 510 may include the molded sealing mem-
brane 508. For example, as shown in FIG. 5D, the housing
512 and the molded sealing membrane 508 are molded
together. As shown in FIG. 5B, a bottom surface 513 of
molded membrane 506 may include a pattern 514 configured
to cause portions of the molded membrane 506 to open to
desired positions when the molded membrane 506 is opened
by the cannula 502. As shown in FIG. 5C, housing 512 of
sealed closure device 510 may be molded separately from
cannula 502. As further shown in FIG. 5C, embodiments may
include a housing 512 having protrusions 516 configured to
engage grooves 518 of cannula 502. The protrusions 516 and
grooves 518 may be used to guide the cannula 502 as the
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cannula 502 moves downward to a position where the cannula
502 contacts the molded membrane 506 shown in FIG. 5D.

In some embodiments, the geometries of pick and place
devices, such as pick and place device 102 shown in FIG. 1,
may be configured to: (i) transport containers 100 to different
locations and (ii) apply forces to cannulas, such as cannula
208, to open sealing portions, such as sealing film 206. For
example, as described above with regard to FIG. 1, pick and
place device 102 may include a pair of separate holding
mechanisms 104 to grip the rib portion 106. These separate
holding mechanisms 104, each having semi-circular shaped
bottom surfaces 109 may also be positioned together to have
a single circular bottom surface that is shaped substantially
the same as the top surface of cannula 208. A force may then
be applied by the pick and place device 102 to the cannula 208
when the pick and place device 102 engages the top surface of
the cannula 208, causing cannula 208 to move downward and
open sealing film 206. Accordingly, the automated pick and
place device 102 may be utilized as both a transport device
and a device used to open sealing portions of containers,
thereby improving workflow and increasing throughput.

FIG. 6A is a cross-sectional view of a top portion of an
exemplary fluid container 100 illustrating cannula 208 in a
retracted position. As shown, pick and place device 102 is in
aposition abutting cannula 208 prior to exerting a downward
force on cannula 208. As described above with regard to FIG.
3D, holding mechanisms, such as detent 315 (shown in FIG.
3D), may be configured to hold the cannula 208 in the
retracted position until a downward force upon the cannula
208 is sufficient to overcome a resistance that holds the can-
nula 208 in the retracted position shown in FIG. 6A.

FIG. 6B shows cannula 208 in an intermediate position
having moved from the retracted position shown in FIG. 6A,
responsive to a downward force from pick and place device
102, in the direction indicated by arrow 602. As shown in FIG.
6B, cannula 208 contacts sealing film 206 (shown in FIG.
6A), separating film portion 206a from film portion 2065,
causing an opening in film 206.

As shown in FIG. 6C, cannula 208 is in an extended posi-
tion that causes separated film portion 2065 to move to the
side and further from film portion 206a. As described above,
holding mechanisms, such as detent 315 (shown in FIG. 3D),
may be configured to hold the cannula 208 in the extended
position shown in FIG. 6B after the cannula 208 has opened
the sealing film 206. The locations of the cannula 208 and film
portions 206a and 2065 shown in FIG. 6B and FIG. 6C are
exemplary. Embodiments may include other types of cannu-
las, such as cannula 502 in FIG. 5A, and other types of sealing
portions, such as molded membrane 506 in FIGS. 5A and 5B,
where the sealing portions may open in different directions at
different locations relative to the cannulas. Embodiments
may include one or more portions of sealing devices sepa-
rated from and/or moved to positions different from the posi-
tion of film portion 206a.

FIG. 7 is a cross-sectional view of an exemplary fluid
container 100 and a fluid contacting device 702 positioned
within container body 202. As shown in FIG. 7, fluid contact-
ing device 702 may be a probe that is used to aspirate one or
more fluids from container 100. Probe 702 may also include
capacitive level sensors 706 to sense levels of the one or more
liquids remaining within the container body 202. Probe 702 is
positioned through opening 704 between film portion 206a
and separated film portion 2065, providing a space between
the perimeter of probe 702 and film portion 206a and a space
between the perimeter of probe 702 and separated film por-
tion 2065 sufficient to prevent the probe 702 from contacting
film portion 206a and separated film portion 2065, thereby
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preventing contamination of probe 702. Preventing probe 702
from contamination of liquid residue on sealing film 206
reduces cleaning time from the time needed to clean the
length of the probe 702.

FIG. 8 is a block diagram of an exemplary analyzer. As
shown in FIG. 8, the analyzer 800 may include one or more
reagent containers 100, one or more pick and place devices
102, one or more probes 702, and one or more controllers 802.
The one or more containers 100 may each include container
rib 106 and a cannula, such as cannula 208 or cannula 502.
The one or more probes may each include a sensor, such as a
capacitive level sensor 706 configured to sense the level of
fluid remaining in their corresponding container 100, and
aspiration devices 804, such as suction pumps, motors, actua-
tors, etc., configured to aspirate one or more liquids from the
one or more containers 100 into the corresponding probe 702.

Arrows 806, 808, and 810 in FIG. 8 indicate physical
interaction between components of the system. For example,
the one or more pick and place devices 102 may be configured
to: (1) transport the one or more reagent containers 100 to
different locations by gripping container ribs 106, indicated
by arrow 806, and (ii) apply forces to cannulas 208, 502,
indicated by arrow 808, to open sealing portions. The probes
may be configured to be positioned within the one or more
containers 100, as indicated by arrow 810, and moved
between different locations.

Arrows 812, 814, 816, and 818 in FIG. 8 indicate commu-
nication (e.g., electronic communication, optical communi-
cation) between the one or more controllers 802 and compo-
nents of the system. For example, controller 802 may include
a main controller and one or more sub-controllers, each con-
figured to communicate with the one or more pick and place
devices 102, as indicated by arrow 812, to cause the one or
more pick and place devices 102 to: (i) transport the one or
more reagent containers 100 to different locations by grip-
ping container ribs 106, and (ii) apply forces to cannulas 208,
502 to open sealing portions 206, 408, 506, and 508. Control-
ler 802 may also be configured to communicate with the one
or more probes 702, as indicated by arrow 818, to cause the
one or more probes 702 to move between different locations
and instruct the probe to be positioned within the one or more
containers 100 for aspiration and/or level sensing. Controller
802 may also be configured to communicate with capacitive
level sensors 706, as indicated by arrow 814, to receive sensed
information from the capacitive level sensors 706 and cause
capacitive level sensors 706 to perform operations (e.g., turn
on, turn off). Controller 802 may also communicate with
control aspiration devices 804, as indicated by arrow 816, to
cause aspiration devices 804 to aspirate one or more liquids
from the one or more containers 100 and receive status infor-
mation from the aspiration devices 804.

FIG. 9 is a flow diagram illustrating a method for accessing
a container, such as container 100. For simplification pur-
poses, the method will be described with reference to the
components shown in FIGS. 6A, 6B, 7, and 8. The method
described below may, however, be performed using compo-
nents other than those shown in FIGS. 6A, 6B, 7, and 8. As
shown at block 902 in FIG. 9, the method may include apply-
ing a downward force to a cannula, such as cannula 208,
which is housed in closure device 204 of fluid container 100.
The method may be embodied in automation systems, such as
IVD automation systems, and analyzers, such as IVD analyz-
ers. For example, while the cannula 208 is in the retracted
position shown in FIG. 6A, the force may be applied by an
automated pick and place device 102 to the cannula 208. As
described above, because the pick and place device 102 may
also be used to move containers 100 between different loca-
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tions, the pick and place device 102 may be used to perform
multiple tasks, thus improving operator workflow while
increasing throughput.
As shown at block 904 in FIG. 9, the method may include
moving the cannula 208 in the downward direction 602
toward a sealing portion, such as sealing portion 206. For
example, the cannula 208 may be configured to move down-
ward in the direction indicated by arrow 602, responsive to the
force from a pick and place device 102. During its downward
movement, the cannula 208 may move to the intermediate
position shown at FIG. 6B.
As shown at block 906 of FIG. 9, an opening may be
provided in the sealing portion 206 with the cannula 208 by
contacting the sealing portion 206 with the cannula 208. For
example, the film 206 may be opened when a bottom surface
310 (shown in FIG. 6 A) and pointed edges, such as teeth 312,
contact film 206, causing an opening in film 206 by separating
film 206 into portion 206a and 2064.
After the opening is provided in the sealing portion 206, a
fluid contacting device, such as probe 702 (shown in FIG. 7),
may be moved through the opening 704 in the sealing portion
206, as shown at block 908 in FIG. 9. As shown in FIG. 7, the
opening 704 ofthe sealing portion includes a size sufficient to
prevent the fluid contacting device 702 from contacting the
sealing portion 2064 and sealing portion 2064.
In some embodiments, the probe may perform one or more
tasks within the container. For example, as shown at block
910, the probe may aspirate one or more fluids in the fluid
container 100 into the probe 702. The probe 702 may also
sense the level of the one or more fluids in the fluid container
100 using the sensors 706, as shown at block 912.
The probe 702 may then be retracted back through the
opening 704 in the sealing portion 206 without depositing any
fluids on the sealing portion 206 or contacting any fluids or
other objects that may be disposed on the sealing portion 206,
preventing contamination of the probe 702 and reducing
probe cleaning time.
Although the invention has been described with reference
to exemplary embodiments, it is not limited thereto. Those
skilled in the art will appreciate that numerous changes and
modifications may be made to the preferred embodiments of
the invention and that such changes and modifications may be
made without departing from the true spirit of the invention.
It is therefore intended that the appended claims be construed
to cover all such equivalent variations as fall within the true
spirit and scope of the invention.
What is claimed is:
1. Ananalyzer for use with in vitro diagnostics comprising:
one or more containers comprising:
a container body configured to hold one or more fluids;
a closure device disposed on the container body and
housing a movable cannula; and
a sealing portion attached to one of the container body or
the closure device, and configured to seal off the one
or more fluids in the container body from matter out-
side the container body when the sealing portion is
closed; and
one or more pick and place devices configured to move the
one or more containers between different locations;

wherein the movable cannula is configured to move down-
ward responsive to a force from the one or more pick and
place devices and cause an opening in the sealing por-
tion.

2. The analyzer of claim 1, further comprising a fluid
contacting device configured to move downward through the
opening in the sealing portion, contact the one or more fluids
and retract upward through the opening in the sealing portion,
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wherein the movable cannula is further configured to cause
the opening in the sealing portion to have a size sufficient
to prevent the fluid contacting device from contacting
the sealing portion.

3. The analyzer of claim 2, wherein the fluid contacting
device is further configured to aspirate a portion of the one or
more fluids in the container body.

4. The analyzer of claim 2, wherein the fluid contacting
device is further configured to sense a level of the one or more
fluids in the container body.

5. The analyzer of claim 1, further comprising:

one or more sensors that sense position information indi-
cating one or more positions of the one or more pick and
place devices; and

a controller configured to control the one or more pick and
place devices to move the cannula between a retracted
position and an extended position based on the sensed
position information.

6. The analyzer of claim 1, wherein the one or more con-
tainers further comprises a container holding portion config-
ured to be held by the one or more pick and place devices to
move the one or more containers, the container holding por-
tion having a recessed portion disposed on a top surface of the
container body and a rib portion extending between opposing
walls of the recessed portion.

7. The analyzer of claim 1, wherein the analyzer is part of
automation system having a plurality of analyzers.

8. A fluid container comprising:

a container body configured to hold one or more fluids;

a closure device disposed on the container body and hous-

ing a movable cannula;

a sealing portion attached to one of the container body or
the closure device, and configured to seal off the one or
more fluids in the container body from matter outside the
container body when the sealing portion is closed;

a retracted position holding mechanisms configured to
hold the cannula in a retracted position; and

an extended position holding mechanism configured to
hold the cannula in an extended position;

wherein the movable cannula is configured to move in a
downward direction responsive to a downward force and
cause an opening in the sealing portion, when the down-
ward force is sufficient to overcome a resistance that
holds the cannula in the retracted position in which the
cannula does not open the sealing portion, the downward
force moving the cannula to the extended position when
the cannula opens the sealing portion.

9. The fluid container of claim 8, wherein the sealing por-

tion is attached to a bottom surface of the closure device.

10. The fluid container of claim 8, wherein the sealing
portion is housed in the closure device.

11. The fluid container of claim 8, wherein the sealing
portion is a film membrane.

12. The fluid container of claim 8, wherein the sealing
portion is a molded membrane.

13. The fluid container of claim 8, wherein the closure
device is removably coupled to the container body.

14. The fluid container of claim 13, wherein the closure
device comprises threading and is rotatably coupled to the
container body via the threading.
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15. The fluid container of claim 13, wherein the closure
device is a snap cap.

16. The fluid container of claim 8, wherein the closure
device is fixed to the container body.

17. A closure device for use with a container comprising:

a closure device body configured to be coupled to the
container;

a movable cannula housed in the closure device body and
configured to move downward relative to the closure
device body from a retracted position to an extended
position, responsive to a downward force exerted on the
cannula;

a sealing portion housed in the closure device body and
configured to seal off the container when the sealing
portion is closed;

wherein the downward force exerted on the cannula causes
an opening in the sealing portion, when the downward
force is sufficient to overcome a resistance that holds the
cannula in the retracted position in which the cannula
does not open the sealing portion, the downward force
moving the cannula to the extended position when the
cannula opens the sealing portion.

18. The closure device of claim 17, further comprising a
coupling portion configured to couple the closure device body
to the container.

19. The closure device of claim 17, wherein a bottom
surface of the cannula is sloped toward a bottom of the closure
device body.

20. The closure device of claim 17, wherein a bottom
surface of the cannula comprises one or more pointed edges.

21. A method for opening a container, comprising:

using a pick and place device to move a fluid container
between different locations;

applying a downward force with the pick and place device
to a cannula housed in a closure device disposed on the
fluid container;

moving the cannula in a downward direction, response to
the downward force, toward a sealing portion attached to
one of the fluid container or the closure device; and

providing an opening in the sealing portion with the can-
nula by contacting the sealing portion with the cannula.

22. The method of claim 21, further comprising:

moving a fluid contacting device through the opening in the
sealing portion;

contacting one or more fluids in the fluid container with the
fluid contacting device; and

retracting the fluid contacting device back through the
opening in the sealing portion,

wherein the opening of the sealing portion further com-
prises causing the opening in the sealing portion to have
a size sufficient to prevent the fluid contacting device
from contacting the sealing portion.

23. The method of claim 22, wherein the contacting of the
one or more fluids in the fluid container further comprises at
least one of: (i) aspirating the one or more fluids in the fluid
container into the fluid contacting device, and (ii) sensing a
level of the one or more fluids in the fluid container.
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